FFA in the seed oil is removed by a standard procedure, found in the literature, since it has been found that FFA does not affect the activity of catalyst.
Analysis of Vegetable oil
Extracted oil was then subjected to Gas chromatography to determine the composition. The samples were analyzed with a Shimadzu GC-2010 gas chromatograph, equipped with a splitless injection system. Helium was used as a carrier gas. Table 1 . Guizotia abyssinia oil has 0.05% free fatty acid and 0.06 % moisture content. The major fatty acids in Guizotia abyssinica oil are linoleic, stearic, oleic and palmitic acids.
Transesterification study
The crude Guizotia abyssinica oil (10 ml) was taken in to the reaction flask and heated at 50°C. The mixture of catalyst in methanol with the different concentrations was used for the conversion of extracted Guizotia abssynnia oil to FAME.
Transesterification reactions were performed in a 25 ml round bottom flask with a reflux condenser, stirring was provided by a magnetic stirrer. This was set at a constant speed throughout the experiment. Initially, the oil was heated at a desired temperature.
A known amount of catalyst was added to the required amount of methanol and heated separately at a desired temperature.
The methanol and catalyst mixture was then added to the round bottom flask containing oil. At that point, the reaction was kept under reflux conditions. The molar ratio of methanol /oil was fixed at 5:1. The formation of methyl esters from vegetable oil carbonate base catalyst is active for high molecular weight alcohol, achieving conversion to 95% and produces neither corrosion nor emulsion, making it easier to separate the obtained product. The activity of manganese carbonate is similar with the traditional NaOH and H 2 SO 4 under the studied condition. An alternative method to reducing the biodiesel production cost is to use the less expensive feedstock containing fatty acids, such as non-edible oils, animal fats, waste food oil and byproducts of the refining vegetable oils.
In the present study, an attempt is made to produce biodiesel from Guizotia abyssinica using pure, crystalline ash coloured manganese carbonate. This is a less corrosive, easy to handle, and above all, an environmentally friendly green catalyst, which allows to obtain 95% conversion to fatty acid methyl esters (FAME). Biodiesel production from nontraditional oil seeds, like Guizotia abyssinica, instead of edible oils can reduce the overall cost. One of the important aspects of economic viability of biodiesel production depends on the price of feedstock used for biodiesel production.
This paper focuses on the use of low cost catalyst, and low cost feedstock, for biodiesel production at optimized conditions. 
Fuel properties of fatty acid methyl esters
The fuel properties of Guizotia abyssinica oil methyl esters are shown in Table 3 . Atmospheric liquid density was calculated by measuring sample mass in a 10 ml graduated cylinder. Viscosity was defined as the resistance to flow of a fluid under gravity was monitored by thin layer chromatography. The methyl esters were extracted with chloroform. The product methyl esters were dried over sodium sulphate. The chloroform was then removed by rotary evaporator and the obtained yield of free fatty acid methyl esters was 95%.
Analysis of Fatty Acid Methyl Esters
Gas chromatography is currently the most widely used method for the analysis of biodiesel, due to its higher accuracy in quantifying of minor components [17] . The samples were analyzed using the same instrument and procedure mentioned previously. Methyl palmitate was used as an internal standard. A stock solution of hexane with a known amount of methyl palmitate was used for analysis. Samples were prepared for analysis by adding approximately 0.05 g of oil phase to 5 ml of n-hexane. About 1ml of this mixture was put into GC auto sampler vials. Two micro liters of the sample were injected into the column. The results of FAME components from Guizotia abyssinica oil analysis are shown in Table 2 .
Scanning electron microscopy
The scanning electron microscopy (SEM) is used to generate high-resolution images of the shapes of objects (SEI) and Production of Biodiesel from Guizotia abyssinica seed oil using crystalline Manganese carbonate (MnCO 3 ) a Green catalyst.
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Reuse of catalyst 
Fuel properties of Guizotia abyssinica methyl esters
The properties of Guizotia abyssinica methyl esters were studied and obtained results were compared with ASTM biodiesel standards. The results are shown in Table 3 . Viscosity of the Guizotia abyssinica methyl ester is within the range compared to standard and therefore there is no negative impact on the fuel injector's system performance. Flash point measurement results
shows the tendency of the sample to form flammable mixture with air under controlled laboratory conditions. This is the only property that must be considered in estimation of the overall inflammability hazard of the material. The flash point of Guizotia abyssinica methyl esters is 130°C and is safe for transport.
Effect of methanol/oil molar ratio
The amount of methanol required for transesterification was determined in terms of the methanol to oil molar ratio. The stoichiometric methanol to oil molar ratio required for the complete transesterification reaction is 3:1 but, experimentally, it is observed that this is not sufficient to complete transesterification reaction. A higher molar ratio is required to increase the reaction rate. In the present work, transesterification of Guizotia abyssinica oil with 1% MnCO 3 catalyst using alcohol /oil ratio between 3: 1 and 9:1 was carried out; it was observed that the ester conversion increases with the increase in molar ratio up to the value of 5:1. The highest biodiesel yield achieved at 5:1 molar ratio was 95% in 45 min. It was observed that further increase in molar ratio do not affect the conversion efficiency, but the biodiesel yield is reduced because the excess of alcohol makes glycerin separation more difficult due to increase in solubility. When glycerin remains in solution, it helps to shift the equilibrium back to the left, lowering the biodiesel yield. For molar ratio less than 5:1, the reaction was incomplete and lower ester conversion was achieved. Hence, the methanol to oil molar 
Recovery of catalyst
In the present work, the manganese carbonate catalyst was recovered by filtration and washed with 80°C distilled water 4-5 times. Then the catalyst was dried at 50°C for 35 hours in the hot air oven. After the complete drying the catalyst was used in the transestrification reaction. The efficiency of the catalyst was 95%.
The catalyst was still efficient even after seven successive runs
Results and discussion

Oil composition
The seeds of Guizotia abyssinica oil contain 40% of oil. Oil was extracted by soxhlet extractor using hexane as solvent. The fatty acids composition determined for the Guizotia abyssinica oil are shown in Table 1 . The fatty acids composition of Guzotia abyssinica oil were determined as palmitic acid (9.2%), stearic acid (10.1%), oleic acid (9.0%), linoleic acid (71.1%). As can be seen, the nature of fatty acids present in Guizotia abyssinica oil does not vary significantly among the other vegetable oil sources reported; variations in their proportions and their unsaturation degree are noted. The acid value of the crude Guizotia abyssinica oil was 6.12 mg KOH/gm, which is higher than of jatropha curcas (3.80 mg KOH/gm) and of pongamia pinnata (5.06 mg KOH/ gm).
The overall proportions of unsaturated fatty acids are similar to jatropha and pongamia oil. analysis of methyl ester components in Guizotia abyssinica oil are presented in Table 2 , which indicates that the FAME from Guizotia abyssinica oil contained mainly methyl linoleate (69.10%), methyl stearate (8.1%), methyl oleate (8.25%), and methyl palmitate (7.9%), which are similar to fatty acid composition of same feedstock. GC analysis data showed the FAMEs between C14:0 and C24:1. The retention times were methyl palmitate, methyl linoleate, methyl stearate, methyl oleate. GC-MS analysis of the biodiesel components showed that biodiesel composed of the Guizotia oil with MnCO 3 catalyst. The methanol to oil molar ratio affects the yield as shown in (Figure 2 ).
Transesterification study
Effect of catalyst quantity
In the present work, the activity of MnCO 3 in Guizotia abyssinica oil transesterification was studied in the range of 0.5 to 3 wt% of the catalyst. The highest biodiesel yield -95% was obtained at 1wt% catalyst in 45 min. A further increase of catalyst quantity shows decrease in biodiesel yield and add extra cost, since the catalyst needs to be removed from the reaction mixture after the reaction. All the reactions were carried out with 5:1 alcohol to
Guizotia abyssinica oil molar ratio under reflux condition. It was observed that the yield of biodiesel decreases with increase in manganese carbonate quantity because of emulsification, which hinders the glycerin separation and reduces the ester yield. The yield of biodiesel increases with increased catalyst quantity at lower methanol to oil mass ratio [18] . In practice, however, it was also observed that transesterification could not proceed well with an unsufficient amount of catalyst. The effects of MnCO 3 quantity on transesterification are presented in (Figure 3 ). At 1%
of the catalyst the biodiesel yield was 95%.
Effect of temperatures
The reaction rate is strongly influenced by the temperature. However, 
Effect of reaction time
For the complete conversion of oil to biodiesel during transesterification reaction, it must be stirred thoroughly at a constant rate. Experiments were carried out at various speeds between 30-120 min. The experiments showed that conversion of Guizotia abyssinica oil to biodiesel yield of 95% was achieved within 45 min at reflux condition. However, the reaction was carried out at the temperature close to the boiling point of methanol (60-70°C) at atmospheric pressure for a given time.
Such mild conditions require the removal of free fatty acids from the oil through refining or pre esterification. Therefore, degummed and deacidified oil is used as feedstock [7] . As time increases, the biodiesel yield decreases. The effect of reaction time on biodiesel yield are reported in Figure 5 .
Analysis of Fatty acid methyl esters
GC analysis was performed to determine the composition of fatty acid methyl esters. The biodiesel purity can be easily specified using the gas chromatography [17] . The highest biodiesel purity achieved was 99.4%. The results of qualitative and quantitative Production of Biodiesel from Guizotia abyssinica seed oil using crystalline Manganese carbonate (MnCO 3 ) a Green catalyst.
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The main problem in biodiesel production is the high cost of both the feedstock and catalyst, which leads to a higher price of the biodiesel produced. New, low cost oil crops are needed to produce economical oils suitable for biodiesel production.
The production of biodiesel from Guizotia abyssinica oil, a minor oil seed crop, does not affect the edible oil production unlike palm oil, sunflower oil, corn oil, and rapeseed oil. On the other hand, cultivation of Guizotia abyssinica oil for the production of biodiesel opens employment opportunities for tribal people living in hilly slopes.
In this paper, we have evaluated the catalytic activity of 
